Theory points to the existence of a 'learning by exporting effect', in which exposure to export markets enhances performance through exposure to the knowledge stocks of trading partners. We investigate the learning by exporting hypothesis by examining the effect of exporting on the subsequent innovation performance of UK high-tech SMEs. We find evidence of learning by exporting, but the pattern of this effect is relatively complex. Exporting helps high-tech SMEs innovate subsequently, but does not make them more innovation intensive. There is also evidence that it is consistent exposure to export markets that helps firms overcome the innovation hurdle, but that there is a positive scale effect of exposure to export markets which allows innovative firms to sell more of their new-to-market products on entering export markets. Service sector firms are able to reap the benefits of exposure to export markets at an earlier (entry) stage of the internationalization process than are manufacturing firms. Firms producing a rapidly changing portfolio of innovative products exhibit higher 'churn' in terms of entry to and exit from export markets than low-intensity innovators, and this is reflected in the effects of entry and exit into and out of such markets.
Introduction
International trade benefits the trading parties both in static terms through comparative advantage, and in dynamic terms through exposing countries to the knowledge stocks of their trading partners (Grossman and Helpman 1991a,b) . This 'learning by exporting' effect may be important at both the country level and at the level of the individual exporting firm. For example, learning by exporting is regarded as an important dimension of export-led growth for developing economies (World Bank, 1993) , and many Western economies provide support to exporters in the understanding -or hope -that the productivity of these and other domestic firms will improve as a result of exposure to international markets 1 .
However, detecting learning by exporting effects at the firm level is by not straightforward. Firm performance, especially productivity and profitability, is extremely heterogeneous even with sectors (Bartelsman and Doms, 2000; Goddard et al., 2006) and is subject to many influences unrelated to exporting. In addition, firms learn from many external as well as internal sources which may have nothing to do with exposure to export markets, and thus it is not always easy to separate out the learning by exporting effect. As a result, empirical studies of the effects of exporting on (productivity) performance have very mixed results (Wagner 2007) ; as Salomon and Jin (2008) point out, we still know relatively little about the how exporting affects performance at the firm level.
This is especially true for small and medium-sized enterprises (SMEs). A recent strand of IB literature has highlighted the importance of understanding the effects of the internationalization process undertaken by those technologically-driven SMEs which tend to internationalize relatively early in their lifecycle (Autio et al 2000; Zahra et al 2000; Filatotchev et al 2009) . While there is some evidence that the internationalization of such firms is associated with improved performance in terms of profitability and growth (Bloodgood et al 1996; Burgel et al 2001) , there is little direct evidence on the extent to which such firms are able to benefit from learning by exporting, often the initial stage in the internationalization process for SMEs (Jones 2001 ).
Here we look for evidence of learning by exporting among high-tech SMEs in the UK. As suggested by Salomon and Shaver (2005) we look for the learning by exporting effect on that part of the firm's activity where learning is most likely to have a direct effectinnovation activity. High-tech SMEs are a particularly interesting group to consider in terms of the innovation-exporting relationship. These are firms that operate mainly in highly innovative sectors, and tend to be high-growth firms which internationalize relatively early, and for which overseas markets play an important role (Acs and Audretsch, 1987; Lynskey, 2004) . Such firms are therefore fertile ground for identifying the learning by exporting effect.We carefully allow for the (lagged) effect of exporting, but also for other potential sources of external knowledge and learning which may influence innovation. We also allow for changes in exporting status during the time of study, to examine what effect entering and exiting export markets may have on learning and thus on innovation performance.
We find is that there is evidence of learning by exporting, but that the pattern of this effect is relatively complex. Exporting helps high-tech SMEs innovate subsequently, but does not make them more innovation intensive. There is also evidence that it is consistent exposure to export markets that helps firms overcome the innovation hurdle, but that there is a positive scale effect of exposure to export markets which allows innovative firms to sell more of their new-to-market products on entering export markets. Our results also suggest that service sector firms are able to reap the benefits of exposure to export markets at an earlier (entry) stage of the internationalization process than are manufacturing firms. Firms producing a rapidly changing portfolio of innovative products exhibit higher 'churn' in terms of entry to and exit from export markets than low-intensity innovators, and this is reflected in the benefits they gain from entry and exit into and out of such markets.
Learning by Exporting: theory and evidence
The theoretical basis for positive link between exporting and performance has its basis in economic models of the benefits from trade and openness. For example, endogenous growth models in the tradition of Grossman and Helpman (1991a,b) recognise that trade exposes each country to the knowledge stocks of its trading partners. As this knowledge is transferred internationally, both embodied in the flow of traded goods and services and disembodied through technology transfer, the domestic productivity frontier shifts outwards and higher economic growth ensues. This is 'learning by exporting'. At the level of the individual firm, recent theoretical analysis by Aw et al (2008) is the first to explicitly predict performance improvements arising from exporting -but crucially this learning effect is dependent on a positive interaction with R&D, suggesting a role for innovation in the learning by exporting effect.
In practical terms, learning by exporting is potentially important; the World Bank regards the transmission of tacit and (occasionally) proprietary knowledge from customers and suppliers to exporters as an important dimension of export-led growth for developing economies (World Bank, 1993) . Exporting firms may also benefit in terms of productivity and innovativeness in two other ways related to learning by exporting. First, the stronger competition in foreign markets forces firms to improve both products and processes and thus remain competitive. Second, scale effect may be important. Exporting extends the market over which margins may be earned, and since many costs, such as R&D, are largely fixed, such investments may be recouped over a larger sales volume. This aids productivity, and provides greater incentives to invest in R&D and innovation.
The empirical literature on the firm-level benefits of exporting gives rather mixed evidence. Some studies do indeed find a positive link between exporting and productivity (Baldwin and Gu 2004; Van Biesebroeck 2005; Aw et al 2007; Love and Mansury 2009 ). However, others find no evidence of such effects (Bernard and Jensen 1995 Castellani 2002; Greenaway et al 2005; Arnold and Hussinger 2005) . Part of the reason for this lies in the likelihood of a self-selection mechanism. There are fixed cost involved in entering export markets, and therefore only the more productive firms are able to do so. Roberts and Tybout (1997) , Clerides et al (1998) and Helpman et al (2004) all develop formal theoretical models of exporting with sunk costs of entry, and in all cases the models suggest that the sunk costs of market entry favour larger, more productive firms. The rationale behind these models is that firms contemplating entry to foreign markets have to engage in market research, set up new distribution networks, negotiate with potential new partners, and may have to modify their product range, all of which incur costs. Only those with sufficiently low marginal costs have the profits large enough to cover these fixed costs of entry. Thus exporters are more productive than nonexporters not specifically because of benefits derived from exporting, but because they are more productive firms to begin with, and can therefore overcome the fixed costs of entering foreign markets. Wagner (2007) reviews over fifty empirical studies on exporting published between 1995 and 2006, and finds overwhelming support for the existence of this self-selection mechanism.
However, another, less well researched reason for the lack of clear evidence in support of learning by exporting may arise from the use of (total factor) productivity as the dependent variable in most studies. Recently, Salomon and Shaver (2005) and Salomon and Jin (2008) have argued that much of the empirical research reviewed above provides a very indirect test of the learning by exporting hypothesis. Since learning by exporting is about learning, a better measure of the possible effect would be one which embodies a learning outcome, such as innovation. Such an approach is consistent with the theoretical analysis discussed above (Grossman and Helpman 1991a,b) ; accessing the knowledge stocks of trading partners should manifest itself in improved product and process innovation, and it this innovation which in turn determines international competitiveness and productivity at both firm and country level (Aw et al 2008) .
Recent empirical evidence finds some support for learning by exporting using this approach. For example, in a study of the Taiwanese electronics industry, Aw et al (2007) find that exporting significantly boosts productivity, especially if accompanied by investment in R&D and/or labour training. They find that exporters not investing in R&D or training have lower productivity rates than firm investing in R&D. They conclude that exporters need to produce effective R&D or training in order to generate efficiency gains: exporting alone is not enough. Girma et al (2008) examine the relationship between R&D and exports using British and Irish firm-level data, and find that exporting stimulates R&D for Irish firms, but not for British firms. They also find that exporting status, not exporting intensity, matters for its effect on R&D. Using a panel of Spanish manufacturing firms, Salomon and Shaver (2005) find evidence for learning by exporting in terms of both increased product innovation and patent counts. They conclude that this benefit comes largely from exporting firms processing consumer feedback rather than technological knowledge. Blind and Jungmittag (2004) examine the effect of exporting on innovation in German services. Their cross-sectional analysis of 2,019 service firms finds evidence that being an exporter is strongly correlated with the probability both of being a product innovator and of being a process innovator. Finally, Love et al (2010) examine how Northern Ireland service firms' innovation activity relates to productivity and export behaviour. Echoing some of the results of Aw et al (2007) , they conclude that innovation itself is not sufficient to generate productivity improvements. Only when innovation is combined with increased export activity are productivity gains evident.
Overall, the empirical literature suggests there may indeed be a positive effect of exporting on innovation. But can this all be ascribed to learning by exporting? Firms acquire knowledge from a variety of sources, and it is essential to allow for other sources of external (as well as internal) knowledge sources which could mask or enhance the true influence of learning by exporting. In addition, although there are numerous studies of early-internationalization or 'born-global firms (e.g. Autio et al 2000; Knight and Cavusgil 2004) , there is little systematic evidence specifically on learning by exporting among high-tech SMEs. In the sections below we outline an attempt to determine the extent and nature of this effect for a sample of UK high-tech SMEs, while allowing for other knowledge sources which may influence innovative behaviour.
Data
The empirical analysis is based on data from a representative survey of UK new technology based firms (NTBFs). These are defined as firms that are independently owned (i.e. the founder(s) owns at least 50% of the company), are less than 25 years old and belong to a high technology sector (Tether and Storey, 1998) . The survey gathered information on the exporting behavior and performance of the firms, their innovative and knowledge gathering activities and finally on the backgrounds of the founders.
In order to identify the UK high technology sectors an approach similar to that used by Butchard (1987) 2 was followed, based on the twin criteria of firms with high R&D intensity (measured as R&D expenditure over the amount of sales or value added) and firms with a high proportion of scientists and engineers who spend the majority of their time in R&D activities. By using the OECD STAN indicators and the 'Research & Development in the UK ' (2002) published by the Office of National Statistics, the expenditure over sales as well as the R&D expenditure over value added criterion was used, for each sector according to the UK SIC classification 3 . The ratio of scientists and engineers who spend the majority of their time in R&D activities over total employment was also calculated by using the ONS MA_14 reports and the STAN indicators. The categorization of companies according to the independence criterion was done by using FAME (Financial Analysis Made Easy), a database that contains contact details of all the limited UK companies and their directors, which can also be used to isolate the companies where individual owners own more than 50% equity.
The second step in the sampling frame involved the stratification of companies according to age and size for each high-tech sector 4 . This led to an initial calibrated semiproportional random sample of 4000 companies selected from the high-tech sector population 5 (see Table 1 column 1). Data were collected by postal questionnaires between April and July 2005, following first discussions with a number of academics with extensive experience of carrying out surveys of SMEs, in order to identify questions that could perhaps bias the study and second, face-to-face interviews with five entrepreneurs (five companies) in order to receive feedback on the clarity of the questions included in the questionnaire and to therefore ensure that unfamiliar and ambiguous terms were not included in any of the questions and that the questionnaire was as concise as possible. From the feedback received appropriate alterations were made. Finally a pilot study of 100 NTBFs was carried out before the main survey in order to investigate whether an acceptable response rate could have been achieved. Respondents were promised both confidentiality and anonymity and that results will be presented purely in an aggregated form.
A customized survey was the most appropriate manner in which to collect data because comprehensive and detailed archival information on NTBFs was not (and still is not) available from secondary sources, especially on their innovative and exporting activity. However, it must be recognised that, in general, studies using questionnaires to collect data at the same point in time and from single respondents in each firm can suffer from common method variance or bias (Podsakoff and Organ, 1986) . Podsakoff et al (2003) point out six situations that can lead to common method bias namely; self-reporting, the survey being carried out at a single point in time, measures that are based on respondents' perception, single respondents, the entire data being collected from one source and item social desirability. In order to tackle this problem, a number of steps were taken. First, the survey did not include questions measuring perceptions of individuals in the traditional form of Likert scales, therefore removing the bias that can be introduced by respondents' perceptions and to a certain degree reducing the effect of item social desirability. The questionnaire included questions related to accounting-based and different forms of economic/statistical data such as turnover, profit, number of employees, sources of finance used, whether a firm has exported, innovated and the percentage of sales derived from selling to foreign markets and by selling innovative products/services. Questions on innovative outputs were similar to those used in official 4 We are grateful to the ONS for providing the table for each sector according to companies' size and age. 5 Given that 66% of the population of UK companies have less than 5 employees and 81% have less than 9 (ONS, 03/92), the sample was calibrated with higher weight to the larger companies in order to have a statistically representative sample of that class. The 'other software and supply' sector was also calibrated in order to reduce the 0-4 size categories as it accounted for 76% of the total number of companies in that category. That was done as a large number of single-person consultants operate in that sector and it was not possible to identify them ex ante. surveys such as the Community Innovation Survey (CIS), completion of which is mandatory for a sample of UK SMEs.
Second, in order to check for the validity of the answers given and therefore to check for any evidence of self-reporting or/and social desirability bias the information provided in the questionnaires in regards to a firm's age, turnover, profit, number of employees, group membership and financial sources used was double checked with the information that those firms provided in their published accounts, and which was able to be accessed by using the FAME dataset. Although some SMEs are not always required to disclose such information (hence the need to collect it by survey) this check could be performed for over 50% of the firms in the sample and no serious inaccuracies were found. Furthermore, the background of some entrepreneurs (e.g. age, education) was checked by using FAME (age) and company websites (were available) and again responses appeared to be accurate. The fact that respondents overall provided accurate information for sensitive issues such as a firm's size and financial state and personal information about themselves makes the authors confident that the answers given to questions that could not be double checked (e.g. collaborative agreements, innovative activity) are unlikely to suffer from systematic bias.
Finally, bias introduced by common method variance can be further minimized in this study as it is unlikely that the respondents were able to cognitively link the ideas behind the purpose of this paper, i.e. whether exporting in a previous period has an effect on a firm's innovative activity in a subsequent period. For example, the covering letter to the survey instrument explained that the purpose of the study was to 'investigate entrepreneurial activity and the performance and growth of NTBFs in the UK', with no specific mention of either innovation or exporting. In addition, although essentially linear, the estimated model is relatively complex in terms of the number of independent variables and the inclusion of indicators for several sources of knowledge inputs to innovation quite independent of exporting, data on which were gathered at different points of the questionnaire. We therefore believe that in the process followed prior, during and after the survey reasonable steps were taken to minimize any bias that CMV can introduce into the study.
Of the original sample of 4000 companies 412 companies took part in the survey. All questionnaires were answered by members of the entrepreneurial founding team. The distribution of the response rate across the industries identified as high-tech is illustrated in Table 1 . On initial examination a chi-square test appears to show that the distribution of the original population and the sample significantly differ (χ 2 (9)= 31.546 and p=0.000238). However, this is due to the high incidence of consultants in the lowest employment band-size of just two sectors. The ONS data do not distinguish between consultants and (genuine) R&D-intensive businesses within the software and telecommunication sectors. Consultants in these sectors could not be excluded ex-ante from the population count provided by the ONS, but were excluded from the survey. As the study concentrates exclusively on R&D intensive businesses, any comparisons between the ONS figures and the study's sample proportions for these sectors would be misleading. When they are omitted from the count, the relative distribution provided by the ONS and that of the respondents to the survey does not significantly differ (χ 2 (9)= 4.049 and p=0.77) confirming the representativeness of the study's survey. Table 2 Innovation is defined in this study as the introduction of at least one new-to-market product or service in the previous three years. Using this definition, 56% of the firms in the sample innovated over the period 2001-04, and on average 20.3% of firms' sales were derived from the introduction of new-to-market products, a figure that captures the ability of firms not only to introduce but also to successfully commercialize new products (innovation success).
Model and Method

Model and variables
The empirical estimation begins with a brief preliminary analysis to determine the existence or otherwise of an 'exporting premium' for our sample of firms i.e. is there a difference in labour productivity between exporters and non-exporters after allowing for suitable controls? This is an established starting point in the literature on learning by exporting (Bernard and Jensen 1995; Wagner 2007; Van Biesebroeck 2005) . If there is no evidence of an export premium there is therefore little point in exploring the possible sources and scale of learning by exporting through its effect on innovation. We therefore estimate the following:
LP it is labour productivity (output per worker) and EX it is a dummy exporter variable. The controls here are simply firm size and industry dummy variables. The coefficient on δ 1 gives an indication of the exporting premium after allowing for scale and industry effects. It does not by itself indicate the existence of learning by exporting effects -a positive coefficient could in whole or in part arise from selection effects -but it is indicative that exporting and performance are at least related.
Assuming there is some evidence of an export premium, we can proceed to determine the existence or otherwise of a learning by exporting effect. We therefore do so in the context of an established model of the determinants of innovation. This is the innovation or knowledge production function (e.g. Geroski, 1990; Harris and Trainor, 1995) in which the effectiveness of a firm's knowledge transformation activities is influenced by enterprise characteristics, the strength of the firm's resource-base, as well as the firm's managerial and organisational capabilities (Griliches, 1992 (Griliches, , 1995 Love and Roper, 1999) . This is a suitable model to use because it explicitly allows for the routes through which knowledge of different types might influence innovation activity and hence business performance, making it easier to isolate the learning by exporting effect.
In general terms we write the innovation production function as:
The dependent variable I it is the proportion of total sales accounted for by new-to-market products over the period 2001-04. This is a standard measure of innovation intensity or 'success' in the innovation literature (Brouwer and Kleinknecht, 1996; Roper et al 2008) .
The independent variables include measures of exporting and other potential knowledge sources for innovation. The exporting variable EX i0 is a dummy variable taking the value 1 if the firm exported in 2001 and zero otherwise. The coefficient on β 1 therefore indicates whether exporting at the beginning of the innovation period has an effect on subsequent innovation performance. However, data are also available on whether the firm exported in 2004, allowing a more extensive set of dummy export status variables to be defined as follows: When used in place of EX it the coefficients on these variables indicate how moving into and out of export markets affects innovation, thus providing further insights into the mechanisms by which learning by exporting operates for high-tech SMEs.
The variables KS it are measures of other forms of internal and external knowledge sources which have been shown to have an impact on innovation outputs at the firm level. Failure to allow for these in the analysis could result in the apparent learning by exporting effect being over or understated. R&D has long been regarded as a crucial knowledge input into innovation. Since the seminal work of Cohen and Levinthal (1989) , the influence of R&D is acknowledged as being of two related types: first, it provides an important direct input into (product) innovation. Numerous studies have confirmed the importance of R&D in this respect (Love and Roper, 1999; Veugelers and Cassiman, 1999; Love and Roper, 2002; Leiponen, 2005) . Secondly, R&D is an important element of absorptive capacity, increasing the ability of a firm to assimilate and absorb external knowledge. The second of these mechanisms may be particularly important in the present context: since learning by exporting is about absorbing knowledge, often technological knowledge, from external partners, the absorptive capacity component of a firm's internal R&D expenditure may be crucial to learning by exporting. Previous research has shown that SMEs which conduct internal R&D are better able to use externally gathered information (Freel, 2000) , and that SMEs with higher levels of absorptive capacity tend to be more proactive in seeking external knowledge whilst those with more modest absorptive capacity will tend to be more reactive (Liao et al. 2003) . In the present study we include measures of the firm's expenditure on both internal and external R&D, in order to allow as fully as possible for the R&D effect on innovation.
However, internal and external R&D are not the only sources of knowledge inputs. Recent work on the 'innovation value chain' has shown that knowledge inputs from direct collaborative relationships with a variety of sources can have a positive impact on innovation (Roper et al 2008, Ganotakis and ). We therefore allow for the effect of knowledge linkages to customers or suppliers (Joshi and Sharma, 2004; Love and Mansury, 2007; Smith and Tranfield, 2005) , horizontal linkages to competitors or other sectoral firms (Hemphill, 2003) and linkages to universities or other public research centres (Roper et al., 2004; Del Barrio-Castro and Garcia-Quevedo, 2005) . In each case the metric used is a dummy variable indicating whether the firm had a collaborative agreement with the relevant partner.
We also allow for a number of control variables, largely reflecting the resource base of the firm (RI it ). Employment size and its square are included in order to allow for the possible scale benefits of exporting (Van Biesebroeck 2005), which we wish to allow for separately from any learning by exporting effect. Although the majority of firms in the sample are independent entities, a small minority are part of a group of companies (see Table 2 ). We include a dummy variable for group membership in order to allow for the possibility of knowledge flows within group networks. Age has been shown to be linked both to exporting and to innovation (Love et al 2010) , and the firm's age in years is included in the estimation to allow for any knowledge acquisition related to years in business. We also allow for the firm's skill base, as measured by the proportion of the workforce with degrees (Freel and Robson 2004) , and for whether the firm has received any government assistance for its innovation activity. Finally, we include a dummy variable to indicate whether the firm has adopted a niche marketing strategy. Van Biesebroeck (2005) shows that increased product specialization helps lead to the exploitation of scale economies even among relatively small firms, and this variable therefore sheds light on the scale effects of exporting.
Method
To show how the export premium varies over the distribution of productivity among firms in the sample, we estimate equation (1) by quantile regression. While standard regression analysis (e.g. OLS) performs estimations only at the conditional mean, quantile regression allows one to trace the entire conditional distribution of plant level productivity, conditional on the set of regressors (Koenker and Bassett, 1978; .
When the dependent variable I it in equation (2) is expressed in terms of innovative products as a proportion of total sales, models of this type are typically estimated either by tobit (e.g. Love and Mansury 2007; Roper et al 2008) or by the quasi-likelihood estimation method for fractional dependent variables suggested by Papke and Wooldridge (1996) (Wagner, 2001) 6 . However, this modeling approach makes the implicit assumption that the signs on β 1 , β 2 and β 3 are the same both for the probability of being an innovator and for the extent of innovation (Cragg, 1971 ). Since we are interested in how exporting affects these two outcomes separately, we test the implicit assumption of sign equality on β 1 , β 2 and β 3 against the unrestricted form which does not make this restriction. This is done by estimating equation (1) by probit (where the dependent variable is a dummy innovator variable) followed by a truncated regression of innovation intensity applied to innovators, and conducting a likelihood ratio test against the restricted (Tobit) model. In the analysis discussed below the resulting test statistic 7 shows that the restriction is invalid, and we therefore report the results from the probit and truncated regression models 8 .
In order to have confidence in the results of these models, we must be sure that there is no self-selection effect among innovators. In other words, modelling innovation intensity needs to take into account the possibility that innovators are not a random sub-set of all firms, and may have certain characteristics that are also linked to how intense is their innovation activity. We therefore initially estimate equation (2) using the Heckman (1979) approach which tests for any selection bias. In both versions of the Heckman estimation (i.e. with the simple exporter dummy and with the exporting entry/exit dummies) the inverse Mills ratio (λ) is highly insignificant, indicating an absence of selection effects 9
. We can therefore proceed with the probit and truncated regression estimations as outlined above.
Results
Is there an exporting premium? Table 3 shows the result for the values of δ 1 (the exporter variable) from estimating equation (1) by quantile regression. There clearly is an exporting premium: at the conditional mean, exporters have on average output per worker 26% higher than nonexporters 10 . However, this exporting premium is unevenly distributed, with the least productive firms experiencing an export premium of up to 54%, and the most productive firms experiencing no export premium (coefficient on the exporter dummy variable is insignificant).
By itself, this is not proof of any learning by exporting effect. It could simply, either wholly or in part, be the result of a self-selection effect, with high productivity firms selecting to become exporters. However, the fact that the exporting premium is markedly larger for firms at the lower end of the productivity distribution is intriguing. Some firms may well enter export markets because of high productivity without deriving much benefit from doing so. This would appear to be compatible with the lack of an export premium for the most productive firms in the sample. However, as Van Biesebroeck (2005) points out, firms -especially small firms -enter export markets for different reasons. They may export because their owners have family or business partners abroad, and so export entry may occur relatively early and even among firms whose productivity levels would not normally be considered to be high enough to overcome the sunk costs of exporting. Such firms may have more scope for productivity improvements from exposure to foreign markets -in other words, lower productivity firms which do manage to get over the exporting hurdle may gain more from doing so than firms which are already highly productive. At the very least, the results of Table 3 are not inconsistent with the learning by exporting hypothesis, and suggest that it is worth exploring the issue in more detail. We do this by considering the effects of exporting on firms' innovation outputs. Table 4 shows the results of the probit and truncated regression estimations of equation (2) on the full sample of firms
Estimating the learning by exporting effect
11
. The first two columns show the results where the key independent variable is a simple lagged exporter dummy. In terms of the general determinants of innovation, there is evidence that internal and external knowledge sources have a positive impact on innovation outcomes. Internal R&D and collaboration with supply chain partners and with universities all have a positive effect on the likelihood of innovation, while both internal and external R&D are important for innovation intensity. There is little evidence of scale effects, with neither a niche market strategy nor employment size having little direct effect on innovation (although the coefficient on employment size is only marginally insignificant in the probit estimation).
Turning now to the effect of exporting, we find that firms that export in 2001 have a 15% greater probability of innovating in the subsequent three year period than those that do not. This effect is evident after allowing for both scale effects and for other possible sources of knowledge for innovating, and is therefore compatible with the existence of learning by exporting. However, this effect is not evident in the truncated regression estimation with innovation intensity as the dependent variable (Table 4 column 2). This suggests that the positive effect of learning by exporting extends to helping firms overcome the barrier to innovation, but does not help increase innovation intensity. It is also notable that both internal and external R&D have significant and positive coefficients in the truncated regression, and that high skill levels are significant in encouraging increased innovation intensity.
The third and fourth columns of Table 4 show results when the exporter dummy variable is replaced with START, BOTH and STOP as defined earlier. The results are intriguing. The positive effect of exporting on becoming an innovator is restricted to those firms 11 Industry dummy variables are included in all estimations, but are not reported in the tables. which consistently export (i.e. export in both 2001 and 2004): starting to export has a positive but insignificant coefficient. By contrast, innovation intensity is positively affected by entry into export markets (START has a positive and significant coefficient). Thus the learning by exporting effect helps to overcome the threshold into innovation only if firms consistently export, but for those firms which are already innovators, it is entry into export markets that boost innovation intensity. This combination of results has an interpretation for the effects of exporting. The fact that exporting, and especially consistently being in export markets, is associated with an increased probability of innovating after allowing for other knowledge inputs appears to point to learning by exporting. However, the lack of any overall exporting effect on innovation intensity coupled with the positive effect of exporting entry on this variable seems unlikely to be directly related to learning by exporting. It seems more likely that this points to some benefit of having a much larger market in which to sell, a form of scale effect. Exposure to export markets extends the market over which sales may be made, and in particular extends the potential market for the most innovative products. The results of Table 4 therefore appear to point to the joint effect of two related effects: a learning by exporting effect which increase the likelihood of innovating, and a scale effect of actually entering export markets with a range of new-to-market products.
Manufacturing versus services
The next stage is to consider whether the learning by exporting effect differs between manufacturing and service sector firms. Numerous authors have argued that services and their innovations comprise unique attributes which distinguish them from product or manufacturing innovations, such as their intangible nature, inseparability, and enhanced interactivity between client and firm (Gallouj, 2002; Blind and Hipp, 2003; Chapman and Hyland, 2003) . These attributes of manufacturing and services may have implications for ease with which firms enter and acquire knowledge from export markets, and hence for the learning by exporting effect. There may, in addition, be differences within services. For example, capital-intensive services such as energy and telecommunications require substantial initial investments in physical assets, with the corresponding effect of scale economies, suggesting that their relationship between sunk costs and exporting may be similar to that of manufacturing firms. By contrast, knowledge-intensive services do not require large investment in plant or physical assets, but do require substantial investment in human capital assets (Erramilli and D'Souza 1995; Sanchez-Peinado and Pla-Barber 2006) . These sectors are unlikely to face the same sunk cost entry barriers as capital intensive services, and so they may enter international markets at lower levels of output.
Two key studies by Contractor et al (2003 Contractor et al ( , 2007 examine the effect of internationalization on firm performance in the service sector. Although concerned with dimensions of international expansion beyond merely exporting, these studies are relevant because of two key findings. First, service firms are able to reap performance benefits from internationalization earlier (i.e. at lower levels of internationalization) than manufacturing firms. Secondly, reflecting the heterogeneity issue discussed above, there are differences within services. Specifically, knowledge-based service firms (advertising, market research, financial services etc) achieve the benefits of internationalization earlier than capital-intensive service firms (air transport, hotels, wholesaling and retailing etc).
If, as Contractor et al (2003 Contractor et al ( , 2007 argue, the barriers to internationalization are lower for service firms, and especially for knowledge-intensive service firms, than for manufacturing enterprises, then it may also be the case that learning by exporting is faster and easier for such firms. We therefore re-estimate equation (1) separately for manufacturing and services. The sample of firms is split approximately 60/40 manufacturing/services: as indicated in Table 1 , all of the service sector firms in the sample are in knowledge-intensive sectors, precisely the type which might be anticipated to internationalize easily and so quickly learn from exporting. Overall manufacturing firms in the sample are more likely to export than services sector firms: 63% of manufacturers export at some point compared with 37% of service firms, and 46% of manufacturers export in both years compared with 26% of service sector firms.
Results are shown in Table 5 , and are consistent with the hypothesis that service firms learn from exporting earlier than those in manufacturing. The pattern of exporting effects in manufacturing is similar to that of the sample overall. Only manufacturing firms exporting in both 2001 and 2004 are significantly more likely to innovate, suggesting that persistence in exporting is required to achieve learning by exporting in manufacturing. By contrast, for (knowledge intensive) service firms starting to export boosts both the likelihood of innovation and the intensity of sales of innovative products. While, as indicated earlier, the latter of these may be a scale effect linked to the larger size of export markets compared with domestic markets, the former is highly suggestive of service firms being able not only to internationalize earlier than manufacturing firms as hypothesized by Contractor et al (2003 Contractor et al ( , 2007 , but being able to learn from exporting at an earlier (entry) stage of the internationalization process There are other differences in determinants of innovation between the manufacturing and service firms, notably the importance of external as well as internal R&D in manufacturing, the high importance of supply-chain collaboration for innovation in services, and the positive effect of pursuing a niche marketing strategy on manufacturing innovation probability.
High-intensity versus low-intensity innovators
Earlier we saw that the relationship between exporting and productivity varied throughout the productivity distribution, with low productivity firms attracting a much larger 'export premium' than those at the upper end of the productivity distribution. Is there any evidence of such an effect in terms of innovation intensity? Ideally this would be examined using a quantile regression approach. However, unlike productivity, innovation intensity is a truncated distribution with numerous zero observations, so the standard quantile approach is inapplicable in this case. Instead, we adopt a simpler approach, and split the sample into high-intensity and low-intensity innovators. There are no clear theoretical grounds for determining where such a split lies, and so we adopt a pragmatic approach. Splitting the sample at 25% sales from new-to-market products provides a convenient split at the 75 th percentile of innovation intensity. Firms with 25% of sales or above coming from new-to-market products are therefore considered highintensity innovators, and innovators with fewer than 25% of sales coming from innovative products are labeled low-intensity innovators 12 .
There is broad similarity in the two groups in terms of commitment to exporting. For example, 64% of high-intensity and 58% of low-intensity firms export, and their relative average levels of export intensity is 18.6% and 20.8% respectively. However, their pattern of involvement in export markets is different. In particular, there is a marked difference in the pattern of export entry and exit between these two groups. The highintensity innovators have a lot more starters (19% as opposed to 3% of low-intensity innovators) and a lower proportion of BOTH (40% as opposed to 49%), which suggests more 'churn' in export markets among highly innovative firms. The question then is whether this different pattern of export involvement leads to a different learning by exporting effect. Results are shown in Table 6 .
For the low-intensity innovators, there is no exporting effect on innovation intensity. These firms do innovate successfully, and, as indicated above, are substantially involved in export markets, but there is no evidence that export entry and exit enhances or diminishes the extent to which they sell innovative products in the marketplace.
For high-intensity innovators the results are striking and suggest the effect of exporting entry and exit is more complex than might be thought. The results indicate that those firms that are most successful in selling new products in the marketplace don't require any boost from export markets to do so (i.e. they gain nothing from START). By itself, this is not perhaps surprising: from a resource-based perspective we would expect these highly successful firms to be the ones with the high-quality internal resources, as indicated by the importance of internal (but not external R&D) and the importance of skills to their innovation performance. By contrast, low-level innovators depend on external rather than internal R&D to boost innovation performance, and there is no skills effect on these firms. This suggests that high-intensity innovators have internal attributes that low-intensity innovators (which are nevertheless successful firms) lack: the difference between high-and low-intensity innovators lies in aspects of their internal resources, not the boost they get from entering export markets.
What is more surprising, however, is that high-intensity innovators which persistently export (i.e. BOTH) tend to have a lower proportion of innovative products in their portfolios, and that those which chose to stop exporting between 2001 and 2004 are more 'successful' innovators than those which never exported (the base category). At first sight this seems to pose a challenge for the learning by exporting hypothesis. However, it is actually consistent with the results we saw earlier for the quantile effects of exporting on productivity (output per worker). There we saw that exporting generally tended to be associated with a larger premium at the lower end of the productivity distribution. Here, the suggestion is that while entering and (especially) staying in export markets is good for getting over the innovation hurdle (viz. the probit results of Table 4 ), the most innovation-intensive firms gain nothing by consistently remaining in export markets, and may actually benefit from ceasing to export.
Where firms are producing a rapidly changing product range, it may well make sense to concentrate on domestic markets from time to time in order to consolidate and check out the new product range, then move back into export markets when the time is right. Such an 'export-dipping' approach is also consistent with the data show earlier on the much higher level of export 'churn' among high-intensity innovators than their low-intensity counterparts. These are small, high-technology and relatively nimble enterprises, for which the fixed costs of export entry are presumably relatively low, and for which dipping in and out of export markets is a realistic possibility. This may not represent a coherent strategy, but rather a response to events as they unfold. There is evidence that high-tech SMEs often begin to internationalize on the basis of geographically dispersed niche markets based simply on the opportunities provided by unsolicited orders from abroad (Oakey 1984; Bell et al 2001) or as a result of family or other ties in foreign countries (Van Biesebroeck 2005) . We should therefore not be surprised that the most highly innovative SMEs with a rapidly changing product offering should behave in this way, nor that ceasing to export for a time may allow the opportunity to consolidate the product range.
Discussion and conclusions
Theory strongly suggests the existence of learning by exporting, but the empirical literature has produced mixed results in terms of the effect of exporting on productivity, and to some extent on innovation. Using a sample of high-tech SMEs based in the UK, we find evidence which is consistent with the existence of a learning by exporting effect, but which suggests that the nature of any such effect is subtle and dependent on the export entry and exit behaviour of the firms concerned. Once the effects of other knowledge sources are allowed for, our results suggest that exporting helps high-tech SMEs innovate subsequently, but does not make them more innovation intensive. There is also evidence that it is consistent exposure to export markets that helps firms overcome the innovation hurdle, but that there is a positive scale effect of exposure to export markets which allows innovative firms to sell more of their new-to-market products on entering export markets. Our results also suggest that service sector firms are able to reap the benefits of exposure to export markets at an earlier (entry) stage of the internationalization process than are manufacturing firms.
Perhaps the most intriguing results are those for high-intensity versus low-intensity innovators. Firms producing a rapidly changing portfolio of innovative products exhibit higher 'churn' in terms of entry to and exit from export markets than low-intensity innovators, and this is reflected in the benefits they gain from entry and exit into and out of such markets. Consistently remaining in export markets is associated with a lower proportion of sales from the newest products for high-intensity innovators, while exiting export markets can actually boost the proportion of total sales from these products.
While appearing to pose a challenge for the learning by exporting hypothesis, this is consistent with the previously observed behaviour of SMEs. In a recent analysis of 'reinternationalization', Welch and Welch (2009) point out that firms often engage in relatively intermittent exporting for extended periods, and that sporadic exporting is commonplace among UK SMEs without either entry or exit from export markets being a coherent strategy (Crick 2003) . Similar results have been found for Italian SMEs, with repeated, serial entry and exit to and from export markets being relatively commonplace, and firms taking time to build up the experience and internal assets necessary to make export market entry a clear strategic decision (Bonaccorsi 1992) .
Our results do appear to confirm that many highly innovative SMEs have an approach to export markets which is not particularly strategic. Instead, these relatively small and nimble enterprises may be responding to the opportunities afforded by orders coming from overseas and are prepared to dip into and out of export markets as the opportunity presents itself. Note that this is not necessarily inconsistent with learning by exporting: as indicated above, consistent exposure to export markets makes it more likely that hightech SMEs produce new-to-market products, and firms which are already highly innovative may find that an 'export-dipping' approach is appropriate for them at this stage of their lifecycle. This may also be a result of UK high-tech SMEs being concerned (perhaps from past experience) that their innovative product will be easily copied by foreign competitors due to low levels of intellectual property protection that exist in some foreign markets (Smith 2001 (Smith , 2002 Liu and Lin 2005; Weng et al 2009) . This can cause high-tech firms that have a high proportion of radically innovative products in their portfolio to avoid exporting to such countries at least during the early stages of the introduction of such products to the market. Although reasonable, this interpretation cannot be tested as we do not have information about the exporting destinations of our sampled firms.
There are potential policy implications arising from this. Much of the justification for export subsidies and support given to firms (often SMEs) contemplating entry to export markets is implicitly based on the existence of a learning by exporting effect. By supporting such firms in the short term, it is argued, innovation and productivity benefits will flow which will assist the competitive position not only of the assisted firms, but of the economy as a whole. However, if firms simply self-select into export markets and there is no beneficial learning by exporting effect, such subsidies and assistance may simply be a waste of resources. At least for the sample of firms in the current study, there is some suggestion that policy provision of this type is not wasted, although we do not claim to have carried out an evaluation of the impact of policy support on the firms concerned
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. These and earlier findings do suggest, however, that some reconsideration of the learning by exporting effect is required, both in conceptual and in policy terms. Hitherto the perceived benefits of learning by exporting have been limited broadly to the transmission of tacit or proprietary knowledge from customers and suppliers in international markets (World Bank 1993) . The results reported above, coupled with earlier findings on the export behaviour of SMEs (e.g. Crick 2003 Crick , 2004 , suggest that learning by exporting effects should be extended to include the experiences gained from sporadic and intermittent exporting behaviour. Learning by exporting is ultimately a form of learning by doing, and this can also involve absorbing the lessons of intermittent or even failed attempts at selling abroad (Crick 2004; Welch and Welch 2009 ). Policymakers may therefore have to re-evaluate the potential value of export support given to SMEs, allowing for the beneficial learning effects that may arise from relatively sporadic exporting, especially in high-tech markets. 
